Abstract
Introduction
Since sliding mode control (SMC) possesses the strong robustness ability to eliminate or compensate the model uncertainties, parameter variations, and external disturbances [1] [2] [3] [4] [5] , SMC is an effective control approach and is extensively researched and applied [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . In [6] , a novel SMC law is proposed to deliver the tip of a flexible asymmetric-tipped needle to a desired point or to track a desired trajectory within tissue. In [7] , an approach known as the TSMC is employed to achieve the objective of fast converging times without excessive control effort. In particular, in [8] , the versatility of electric drives and functional go als of control show the effectiveness of the proposed SMC methodology. In [9] , using a principle of splitting the compact set of unknown parameters, the authors propose a multiple model control-based SMC technique to reduce the level of parametric uncertai nty. In [10] , the chattering phenomenon is alleviated by a proposed novel Lyapunovbased, variable-gain super-twisting algorithm. In [11] , an active steering assistance system for heavy vehicle is developed and a sliding mode observer estimator is developed to prevent lane departure and let the vehicle follow the road's centre line, and to estimate the vehicle dynamics, respectively. In [12] , the authors develop the adaptive control strategy to identify bounded uncertainties for eliminating the requirement of boundaries needed in the conventional design. In [13] , a
Problem Formulation
Consider the following nonlinear systems 
We construct a sliding surface as follows:
Noting the second equation of (6) and (7), we can obtain the following sliding motion: 1  2  22  21  22  21  2  2   22  21  22  21  2   2  2  0 ( )
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In this paper, our objective is to design a sliding surface () St and a reaching motion control law () ut satisfying the following two conditions:
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where T T  T  T  11  22 2  21  2 22  21  3  2  2 1 , T  T T  12  1  2  2 22  21  13  22 2  21  22  2  2 , , , (17) Hence, by conditions (14}) and (17), we can conclude that the sliding motion (8) with (3) and (4) is quadratically stable.
Furthermore, for some desired value  satisfying (2), the design of gain C can be formulated as an LMI problem in 2   1  2  1  2  3 , , , The following result is about the reaching motion control design for the considered systems.
Theorem 2 Suppose the optimization problem (9) has solutions: positive scalars 2 12 ,, , ,
, positive definite matrices 12 ,, QQ and 3 Q , matrix X ,and the sliding surface is given by (7) . Then the trajectory of the closed-loop system (6) can be driven onto the sliding surface in finite time with the control
are positive constants, and
Noting that 
Numerical Example
Consider system (1) 
Conclusion
The sliding mode control problem of nonlinear systems with unmatched nonlinearity is complex and challenging. Based on f the Lyapunov stability theory, employing the singular-value-decomposition algorithm and descriptor-system-model-transformation method, the sliding surface and the reaching control law are designed, which can be obtained easily by solving the according optimization problem. Also, the upper bound on the nonlinear term which this type of systems can tolerate without going unstable is maximized. The numerical example shows the validity of the proposed algorithm.
